Context: Although the prevalence rates of childhood obesity have seemingly been stable over the past few years, far too many children and adolescents are still obese. Childhood obesity, and its associated metabolic complications, is rapidly emerging as one of the greatest global challenges of the 21st century. About 110 million children are now classified as overweight or obese.
D
uring the past 3 decades, prevalence rates of childhood and adolescent obesity [defined as body mass index (BMI) above the 95th percentile for age and sex] have more than doubled in the United States (1, 2) . Recently, however, there is emerging evidence that the prevalence rates of childhood obesity may have reached a plateau. It is noteworthy that in their last report Ogden et al. (3) found that 11.3% of children and adolescents were at or above the 97th percentile of BMI for age from the 2000 Centers for Disease Control and Prevention growth charts; 16.3% had a BMI for age at or above the 95th and 31.9% were at or above the 85th percentile. Although Ogden et al. (3) found no increase in prevalence between the past National Health and Nutrition Examination Survey (NHANES) surveys, it is too early to know whether the data do reflect a true plateau.
Comparison between racial/ethnic groups
Obesity has increased among both genders and among all racial, ethnic, and socioeconomic groups; however, the prevalence of obesity is disproportionately higher among AfricanAmericans, Mexican-Americans, and Native Americans than other ethnic groups (1, 2) .
The Centers for Disease Control and Prevention reported in 2000 that the prevalence of obesity among 12-to 19-yr-old nonHispanic blacks was 23.6% and in Mexican-Americans, 23.4% compared with 12% of non-Hispanic white children. The racial/ ethnic differences in the prevalence in this age group are dramatic, an increase in more than 10 percentage points between 1988 -1994 and 1999 -2000 . In contrast to these significant changes in obesity rates in both African-American and Mexican adolescent boys and girls, the prevalence rates remained relatively stable at about 10% in non-Hispanics during NHANES 1988 -1994 to NHANES 1999 . ganization, 2002) and excess body weight is the sixth most important risk factor contributing to the overall burden of disease worldwide; about 110 million children are now classified as overweight or obese (4) . Developing countries, like Latin America, undergoing a rapid nutritional transition, are reporting increasing trends in childhood obesity. Ironically, in the developing countries in which underweight and poor growth were previously the main health concerns in children, overweight and obesity are now becoming significantly prevalent as a consequence of an environment characterized by easily available, cheap, highcaloric foods combined with sedentary lifestyles (5).
Wang and Lobstein (6) reviewed the worldwide trends in childhood obesity in 25 countries for school-age populations and in 42 countries for preschool age populations. They observed that the prevalence of childhood overweight has increased in almost all countries for which data were available, and obesity and overweight has increased more dramatically in economically developed countries and in urbanized populations (7) .
Impact of the degree of overall obesity on cardiometabolic risk factors in children and adolescents
As the prevalence of childhood obesity increases, its health implications are becoming more evident (8, 9) . Obesity is associated with significant health problems in the pediatric age group and is an important early risk factor for much of adult morbidity and mortality (9 -12) . Childhood obesity frequently persists into adulthood, with up to 80% of obese children reported to become obese adults (13) . Many of the metabolic and cardiovascular complications of obesity are already present during childhood and are closely related to the presence of insulin resistance/hyperinsulinemia, the most common abnormality of obesity (14) . Although there is no accepted definition of insulin resistance in both adults and pediatrics, here insulin resistance is defined using surrogate markers such as homeostasis model assessment insulin resistance index or whole-body insulin sensitivity index (WBISI; or Matsuda Index). Using age and gender BMI z-score as a measure of adiposity in children, recent studies have been able to examine the relationships between increasing BMI z-score and complications of overweight in both children and adolescents (15) . Bell et al. (15) reported a continuous relationship with increasing BMI z-score and components of the metabolic syndrome such as blood pressure, fasting insulin levels, presence of acanthosis nigricans, and elevated aminotransferase levels. The relationships with both high-density lipoprotein (HDL)-cholesterol and triglyceride levels with BMI z-score was found to be curvilinear, suggesting that a change in BMI z-score at the high end of the spectrum (Ͼ2.00) have a greater impact on unfavorable lipid profiles.
At the current time, little is known about the epidemiology and pathophysiology of the metabolic syndrome in children, in contrast to the more extensive understanding in adults (16, 17) . This is due in part to the lack of consensus for a pediatric definition of metabolic syndrome and also to the controversial issue surrounding its existence in pediatrics. To begin assessing the impact of varying degrees of obesity on the prevalence of the cardiometabolic risk factors in children and adolescents, we completed a cross-sectional analysis of the initial metabolic syndrome assessments in our cohort of obese youth (10) . As in adults, subjects were classified as having the metabolic syndrome if they met three or more of the following criteria for age and gender: 1) BMI greater than the 97th percentile (BMI z-score above 2); 2) triglycerides above the 95th percentile; 3) HDLcholesterol under the fifth percentile; 4) systolic and/or diastolic blood pressure above the 95th percentile; and 5) impaired glucose tolerance.
The impact of increasing weight on cardiometabolic parameters is illustrated in Fig. 1 . Fasting glucose levels changed minimally with increasing weight in this cohort. In contrast, the prevalence of impaired glucose tolerance greatly increased in the children and adolescents with moderate and severe obesity. A similar pattern was also observed for plasma insulin, triglycerides levels, and systolic blood pressure, whereas a significant decrease in HDL-cholesterol was seen with varying degrees of obesity. The degree of obesity and prevalence of the metabolic syndrome were strongly associated, after adjustment for race (P ϭ 0.009) and race and gender (P ϭ 0.027). Overall, prevalence of the metabolic syndrome was 38.7% in moderately obese and 49.7% percent in severely obese subjects; no overweight or nonobese subject met the criteria. The main findings of the study are that the prevalence of metabolic syndrome appears far more common than previously reported and increases directly with the degree of obesity. Moreover, each element of the syndrome worsens across a spectrum of degrees of obesity, independent of age, gender, and pubertal status. Our results demonstrate a significant adverse effect of worsening obesity on each component of metabolic syndrome, further emphasizing the deleterious impact of increasing weight in this age group. Landmark studies from the Bogalusa Heart Study demonstrated that cardiovascular risk factors present in childhood are predictive of coronary artery disease in adulthood (18) . Among these risk factors, low-density lipoprotein-cholesterol and BMI measured in childhood were found to predict carotid intima-media thickness in young adults (19, 20) . There is now substantial evidence that obesity in childhood creates the metabolic platform for adult cardiovascular disease (21) (22) (23) (24) .
Impact of tissue lipid partitioning on insulin sensitivity in the obese child
Although obesity is the most common cause of insulin resistance in children and adolescents, some obese youth may be relatively insulin sensitive and thus be at reduced risk for the development of the adverse cardiovascular and metabolic outcomes driven by insulin resistance. Studies from our group demonstrated that obese youth with impaired glucose tolerance (IGT) are significantly more insulin resistant than those with normal glucose tolerance (NGT), despite having an overall equal degree of adiposity (25) . The difference in insulin sensitivity was attributed to different patterns of lipid partitioning in which those with severe insulin resistance were characterized by increased deposition of lipid in the visceral and intramyocellular (IMCL) compartments. Recent studies indicate that increased IMCL deposition occurs early in childhood obesity and is directly associated with peripheral insulin sensitivity (24, 25) . Importantly, not all obese children have increased IMCL levels, and those who do not are much more insulin sensitive (26) . Why some individuals who are seemingly equally obese and share common lifestyle and dietary habits tend to accumulate more IMCL lipid than others is unclear. The effects of IMCL accumulation on insulin sensitivity are not caused by the stored triglyceride per se but rather by fatty acid derivates such as diacylglycerol or ceramide, which have been found to alter the insulin signal transduction pathway, eventually leading to reduced glucose uptake and glycogen synthesis (27, 28) .
A putative explanation for the tendency to accumulate lipids in skeletal muscle may be due to differences in the number and function of the mitochondria within the myocyte (29). Simoneau et al. (30) were the first to report that impaired mitochondrial function might contribute to the reduction in the activity of the oxidative pathway. More recent studies reported that mitochondrial metabolism in muscle and adipocytes is disturbed in adult patients with insulin resistance and type 2 diabetes mellitus (T2DM) (31, 32) . This includes a reduction in the expression of peroxisome proliferator-activated receptor coactivator-1␣ (31, 32) . Additionally, lower expression of peroxisome proliferatoractivated receptor coactivator-1␣-responsive genes involved in oxidative phosphorylation was noted in morbid obesity and the prediabetes state in skeletal muscle (31, 32) . Petersen et al. (33) found that when offspring of diabetics were compared with ageand activity-matched insulin sensitive controls, they had an approximately 30% reduction rate of ATP production in mitochondria of skeletal muscle and a reduced ratio of inorganic phosphate to phosphocreatine ratio, which may reflect a lower ratio of type I fibers (mostly oxidative) to type II fibers (mostly glycolytic) in the insulin-resistant subjects.
A second factor leading to IMCL accumulation may be related to the fat constituents of the diet. High-fat diets of varying durations have been shown to increase IMCL content by 36 -90%, depending on their duration and baseline IMCL level (34, 35) . In physically inactive obese individuals, a continuous increased supply of fatty acids by way of excess energy intake, alongside a reduced capacity to oxidize fat may lead to overall fat storage, specifically in skeletal muscle. An obvious third source of increased IMCL is an increase in circulating free fatty acid concentration, characteristic of obese insulin-resistant individuals. These observations indicate that the tendency to accumulate IMCL may be genetically determined as well as be influenced by diet and activity and may be associated with a reduced quantity and altered function of myocellular mitochondria. A tendency for increased IMCL deposition, which is partially genetically determined, predisposes individuals to greater insulin resistance, whereas obesity with low IMCL deposition seems to be more metabolically benign.
Abdominal fat patterning: a determinant of an adverse metabolic phenotype in obese adolescents
Previous studies from our group (25, 26) suggest that, in obese youth, insulin resistance may be a result of the imbalance of fat jcem.endojournals.org S33 distribution in both the abdominal fat depot and skeletal muscle tissues. Moreover, recently we found that the ability of peripheral sc fat tissue to vary its storage capacity may be critical for modulating insulin sensitivity (36) . It is noteworthy that the two abdominal fat depots are distinct not only metabolically but also in their role in releasing key hormones and cytokines, including adiponectin, leptin and IL-6 that regulate insulin sensitivity. Thus, if the proportion of abdominal visceral fat were to be altered in favor of an increased amount of visceral, one can envision a scenario whereby low leptin and adiponectin levels would emerge, which together might negatively influence insulin sensitivity, given their known positive effects on stimulating glucose and lipid metabolism. Indeed, our recent study further expanded these earlier findings in a much larger group of subjects (36) .
In this study we found that a high proportion of visceral fat relative to sc fat in the abdominal region was associated with hepatic steatosis and marked insulin resistance in obese adolescents. Concurrent with the altered partitioning of fat in the abdominal cavity, muscle, and liver, there was a worsening of the metabolic phenotype characterized by deterioration in insulin sensitivity, increased triglycerides, and decreased HDL-cholesterol, leptin, and adiponectin levels. Notably, the risk for the metabolic syndrome was 5 times higher in the adolescents with this peculiar fat deposition compared with those with a low proportion of visceral to sc fat. Our studies support the hypothesis that the ability to retain fat in the sc depot seems to be beneficial in obese adolescents because it is associated with decreased visceral fat and reduced ectopic fat deposition and, more importantly, a more favorable metabolic profile.
␤-Cell function in the obese child with NGT
By convention, NGT is defined as a plasma glucose level less than 140 mg/dl after a standard oral glucose load. In our multiethnic population of obese youth with NGT, 2-h glucose levels ranged between 60 and 139 mg/dl. Insulin sensitivity and early insulin responses to the glucose load also varied over a large range in these subjects (37) . These observations led us to question whether increases in 2-h plasma glucose levels, even in the normal range are primarily related to ␤-cell dysfunction or insulin resistance. To examine this question, we first divided our large cohort of obese youth with NGT into three strata based on 2-h plasma glucose concentrations. This stratification allowed us to examine the impact of altered insulin responsiveness on the 2-h glucose level in obese children and adolescents in general. Within each stratum, we subdivided the subjects into moderate, low, and very low insulin sensitivity groups to control for the large magnitude changes in overall insulin response with increasing insulin resistance. Importantly, we examined our large cohort of obese youth to see whether even discrete changes in 2-h glucose within the normal range could be detected with the insulin feedback model of glucose tolerance.
At first glance, the 2-h glucose category data suggest that worsening insulin resistance may contribute to early deterioration in oral glucose tolerance. On further analysis, however, insulin secretion, as reflected by the insulinogenic index, appears to have a strong impact on glucose tolerance (albeit still normal), irrespective of insulin sensitivity. As illustrated in Fig. 2 , at any 
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Cali and Caprio Obesity in Children and Adolescents J Clin Endocrinol Metab, November 2008, 93(11):S31-S36 level of insulin sensitivity (WBISI), the IGI was lowest in the group with the highest 2-h glucose level. The same result is obtained if C-peptide replaces insulin in the equation. These data provide support for the notion that even obese youth with NGT who are more insulin sensitive can have a perturbed ␤-cell response to a normal physiological stimulus (glucose ingestion). Interestingly, this pattern of ␤-cell dysfunction could be replicated if fasting insulin tertiles were used in place of the WBISI strata (highest insulin tertile corresponding to lowest WBISI tertile). The net result from our data would indicate that insulin resistance is likely a necessary component for large-magnitude changes in insulin secretory response to a glucose load, whatever the mechanism for adaptive plasticity within the ␤-cells to increase insulin secretion. This concept fits within the general framework of the hyperbolic feedback curves (38 -40) . We identified a systematic leftward shift in each hyperbolic curve (Fig. 3) as glucose increased across 2-h glucose categories toward IGT. This demonstrates that the hyperbolic model for glucose tolerance can distinguish even finer levels of perturbation in glucose homeostasis besides the traditional broad categories of NGT, IGT, and T2DM.
In summary, increased 2-h glucose concentrations during an oral glucose tolerance test in NGT obese youth reflect the apparent inability of the pancreatic ␤-cells to fully compensate for early increases in glucose. We observed the same pattern of dysfunction at every level of insulin sensitivity. Furthermore, we determined that the insulin feedback curves were sensitive enough to identify differences in 2-h glucose level even in the NGT range. Consequently, in obese children and adolescents, the transition from NGT to IGT and ultimately T2DM more likely represents a gradual deterioration in glucose-stimulated insulin response rather than a threshold effect or an all-or-none phenomenon.
Implications
The growing number of obese children and adolescents worldwide is of great concern. Many obese children and adolescents already manifest some metabolic complications such as impaired glucose regulation, hypertension, dyslipidemia, fatty liver disease, and systemic low-grade inflammation. Many of these complications are silent and often go undiagnosed. However, these children are at high risk for the development of early morbidity. Recent studies suggest that there is a particular obese phenotype that is linked to alterations in insulin sensitivity and cardiometabolic complications. This obese phenotype is characterized by a high proportion of visceral fat and relatively low abdominal sc fat, increased intrahepatic fat, and intramyocellular fat. These adolescents are not necessarily the most severely obese, yet they suffer from severe metabolic complications and are at a high risk of developing diabetes and its associated cardiometabolic complications. Understanding the underlying pathogenesis of this peculiar phenotype is of critical importance.
